







$EVWUDFW²5HVXOWV RI SDWK ORVV LQ W\SLFDO RXWGRRU
HQYLURQPHQWV LQ WZR IUHTXHQF\ EDQGV LGHQWLILHG LQ:5& IRU
IXWXUH * UDGLR V\VWHPV DUH SUHVHQWHG  7KHVH LQFOXGH DQJXODU





:LGHEDQG FKDQQHO SDUDPHWHUV LQ WKH IUHTXHQF\ EDQGV
DERYH*+] DUHFXUUHQWO\WKHVXEMHFWRILQWHQVHLQYHVWLJDWLRQ
E\GLIIHUHQWUHVHDUFKJURXSVLQFOXGLQJLQGXVWU\DQGDFDGHPLD
,Q 1RYHPEHU  WKH :RUOG 5DGLRFRPPXQLFDWLRQV
&RQIHUHQFH:5& LGHQWLILHG DQXPEHURI IUHTXHQF\EDQGV
EHWZHHQ*+] DVSRVVLEOHEDQGVIRU IXWXUH*ZLUHOHVV
FRPPXQLFDWLRQV7RHVWLPDWHFKDQQHOSDUDPHWHUVVXFKDVSDWK
ORVV DQG GHOD\ VSUHDG ZLGHEDQG PHDVXUHPHQWV LQ W\SLFDO
LQGRRU >@ DQG RXWGRRU HQYLURQPHQWV ZHUH SHUIRUPHG ZKLFK
LQFOXGH KLOO\ WHUUDLQ ZLWK URDGVLGH YHJHWDWLRQ VWUHHW FDQ\RQ
FDU SDUN DQG URDGVLGH7KHPHDVXUHPHQWVZHUHSHUIRUPHGDW
WZRIUHTXHQFLHVLQWKH*+]EDQGLGHQWLILHGE\:5&
XVLQJ WKH  E\  ZLGHEDQG FKDQQHO VRXQGHU GHYHORSHG DW
'XUKDP 8QLYHUVLW\ IRU PXOWLSOH LQSXW PXOWLSOH RXWSXW
PHDVXUHPHQWV >@  7R VWXG\ WKH LPSDFW RI SRODUL]DWLRQ WKH
PHDVXUHPHQWVZHUHSHUIRUPHGZLWKGXDOSRODUL]HGDQWHQQDVDW






WKH WUDQVPLWWHU WZR KRUQ DQWHQQDV ZHUH XVHG DQG WKHVH KDYH
EHDPZLGWKVLQWKH(SODQHDQGLQWKH+SODQHDW
*+]DQGLQWKH(SODQHDQGLQWKH+SODQHDW
*+]  7R SHUIRUP GXDO SRODUL]DWLRQ PHDVXUHPHQWV D WZLVW
ZDVXVHGDWRQHRIWKHWUDQVPLWFKDQQHOVDQGDQRWKHUDWRQHRI




)ROORZLQJ FDOLEUDWLRQ WKH FRHIILFLHQWV RI WKH SDWK ORVV
PRGHOIRUWKHIRXUSRODUL]DWLRQVZHUHHVWLPDWHGXVLQJWKHOHDVW
VTXDUH ILW 7KH UHVXOWV IRU WKH SDWK ORVV SDUDPHWHUV DUH










ORFDWLRQ ZLWK WKH 5) KHDG XQLW EHLQJ PRXQWHG DW DERXW  P
DQGWKHUHFHLYHUDQWHQQDZDVPRXQWHGRQWKHWUROOH\DWP
7KHSRZHUGHOD\SURILOHIRUHDFKDQJOHRIDUULYDOZDV XVHG
WR HVWLPDWH WKH UHFHLYHG SRZHU DERYH WKH QRLVH IORRU 7KH




V\QWKHVLV RI WKH RPQLGLUHFWLRQDO SRZHU GHOD\ SURILOHV DV
VKRZQLQ)LJ IRUWKH99DQG9+SRODUL]DWLRQV
)ROORZLQJIXOOFDOLEUDWLRQRI WKHGDWD WKHUHFHLYHGSRZHU
ZDV WKHQ XVHG WR HVWLPDWH WKH SDWK ORVV IRU WKH IROORZLQJ
DQWHQQD EHDP ZLGWKV WKH PD[LPXP UHFHLYHG SRZHU
UHSUHVHQWLQJ WKHPDLQEHDPRI WKH UHFHLYHDQWHQQDR PDLQ
EHDP SRZHU WKH VXP RI WKH UHFHLYHG SRZHU IURP WKH









,Q >@ WKH V\QWKHVLV RI RPQLGLUHFWLRQDO SDWK ORVV IURP
GLUHFWLRQDOPHDVXUHPHQWV LVSURSRVHGZKHQ WKHURWDWLRQDQJOH
VWHSLVHTXDOWRWKHG%EHDPZLGWKRIWKHDQWHQQD6LQFHWKH
G% EHDP ZLGWK RI WKH UHFHLYH DQWHQQD LQ WKH SUHVHQW
PHDVXUHPHQWVLVZLGHUWKDQWKHDQJOHRIURWDWLRQWKHHVWLPDWHG
RPQLGLUHFWLRQDOSRZHUKDVDQDGGLWLRQDOG%JDLQ WKDWQHHGV
WREH WDNHQ LQWRDFFRXQWDV LOOXVWUDWHG LQ)LJZKLFKGLVSOD\V










WKH IRXUSRODUL]DWLRQV DQG IRU WKHGLIIHUHQWEHDPZLGWKVZHUH
XVHGWRHVWLPDWHWKHSDUDPHWHUVRIWKHSDWKORVVPRGHOJLYHQLQ
HTXDWLRQ
3/G  /R QORJGGR /JDV/UDLQ
ZKHUHQ UHSUHVHQWVWKHSDWKORVVFRHIILFLHQW/R LVWKHSDWKORVV
DW D UHIHUHQFH GLVWDQFH GR DQG
GHYLDWLRQRI WKH ILW )RU IUHTXHQFLHV LQ WKH KLJKHUEDQGV WKH
DGGLWLRQDOWHUPV/JDV DQG /UDLQ UHSUHVHQWWKHJDVHRXVDEVRUSWLRQ
DQG UDLQ DWWHQXDWLRQ UHVSHFWLYHO\GHSHQGLQJRQ WKH IUHTXHQF\
DQG WKHFRQGLWLRQVDW WKHWLPHRIPHDVXUHPHQWV $QH[DPSOH
RI WKH ILW WR WKH PHDVXUHPHQWV LV VKRZQ LQ )LJ  IRU WKH
VWURQJHVW UHFHLYHG FRPSRQHQW IRU WKH IUHTXHQF\ EDQG 
*+]ZLWKWKHFRUUHVSRQGLQJSDWKORVVSDUDPHWHUVLQ7DEOHV 
DQG  IRU WKH WZR IUHTXHQF\ EDQGV IRU ERWK WKH VWURQJHVW
FRPSRQHQW DQG WKH EDFN EHDP IRU WZR RI WKH PHDVXUHG
VFHQDULRV 7KHWDEOHVLQGLFDWH DQLQFUHDVHLQWKHSDWKORVV/R IRU
WKHEDFNEHDPZLWKUHVSHFWWRWKHIURQWEHDPDVH[SHFWHGDQG
FDQ EH REVHUYHG LQ )LJ   7KH UHVXOWV IRU WKH V\QWKHVL]HG
RPQLGLUHFWLRQDODQG WKHPDLQIURQWEHDPZHUHIDLUO\FORVHWR
WKHVWURQJHVWFRPSRQHQWZKLFK LVH[SHFWHGZKHQ WKHUHFHLYHG
SRZHU LV GRPLQDWHG E\ WKH /LQH RI 6LJKW /R6 FRPSRQHQW
7KH RWKHU VFHQDULRV JDYH D VLPLODU WUHQG VLQFH DOO WKH
PHDVXUHPHQWV ZHUH SHUIRUPHG ZKHUH WKH WUDQVPLWWHU DQG
UHFHLYHU ZHUH QRW EORFNHG E\ EXLOGLQJV ZLWK VRPH ORFDWLRQV
KDYLQJWUHHEUDQFKHVDORQJWKHSDWK



































WR JHQHUDWH D VLQJOH SDWK ORVV PRGHO ZLWK WKH UHVXOWV



















0HDVXUHPHQWV LQ YDULRXV RXWGRRU HQYLURQPHQWV
UHSUHVHQWDWLYH RI EHORZ WKH URRI WRS ZHUH SHUIRUPHG RQ WKH
FDPSXV RI 'XUKDP 8QLYHUVLW\ 7KH GDWD ZHUH DQDO\]HG WR
HVWLPDWHWKHSDWKORVVPRGHOIRUWZRRIWKH:5&LGHQWLILHG
IUHTXHQF\ EDQGV LQ WKH  *+] 9 EDQG %RWK WKH RPQL
GLUHFWLRQDO SDWK ORVV DQG WKH EDFN EHDP SDWK ORVV SDUDPHWHUV
ZHUH HVWLPDWHG  6LQFH WKH PHDVXUHPHQWV ZHUH SHUIRUPHG LQ
XQREVWUXFWHG HQYLURQPHQW WKH RPQLGLUHFWLRQDO WKH IURQW
EHDPDQG WKH VWURQJHVWFRPSRQHQWSDWK ORVVSDUDPHWHUVZHUH
YHU\FORVHZLWKWKHEDFNEHDPSDWKORVVEHLQJKLJKHU 7KXVIRU
WKH XQREVWUXFWHG VFHQDULR LW LV VXIILFLHQW WR PHDVXUH WKH
VWURQJHVWFRPSRQHQWDQGWKHEDFNEHDPUHFHLYHGSRZHUZKLFK
LV UHSUHVHQWDWLYH RI WKH XVHU¶V PRYHPHQW DZD\ IURP WKH
GLUHFWLRQ RI WKH WUDQVPLWWHU  7DNLQJ WKH YHUWLFDO WR YHUWLFDO
SRODUL]DWLRQIRUWKH*+]EDQGWKHSDWKORVVSDUDPHWHUVQ
DQG /R DUH   IRU WKH RPQLGLUHFWLRQDO DQWHQQD LQ
FRPSDULVRQ WR   ZKLFK KLJKOLJKWV WKH DGGLWLRQDO SDWK
ORVVH[SHULHQFHGZKHQWKHXVHUPRYHVDZD\IURPWKHGLUHFWLRQ
RI WKH WUDQVPLWWHU )XUWKHU PHDVXUHPHQWV XVLQJ RPQL
GLUHFWLRQDODQWHQQDVLQERWKOLQHRIVLJKWVFHQDULRVDQGQRQOLQH
RI VLJKW VFHQDULRV DUH SODQQHG WR GHULYH D VXLWDEOH SDWK ORVV
PRGHO IRU WKHKLJKHU IUHTXHQF\EDQGV 7KHSDWK ORVVPRGHOV
SUHVHQWHGLQWKLVSDSHUDUHIRUHDFKIUHTXHQF\VHSDUDWHO\)RU
IXWXUHZRUNLWLVGHVLUDEOHWRREWDLQDSDWKORVVPRGHODFURVVD






7KH  *+] VRXQGHU ZDV GHYHORSHG XQGHU WKH (365&
JUDQW3$75,&,$1(3,;7KHXSJUDGHWRWKH:5&
IUHTXHQF\ EDQGV DQG WKHPHDVXUHPHQWV UHSRUWHG LQ WKH SDSHU









PHDVXUHPHQWV LQ WKH9EDQG WREHSUHVHQWHG DW WKH ,(7:RUNVKRSRQ
5DGLR3URSDJDWLRQDQG 7HFKQRORJLHVIRU*UG 2FWREHU'XUKDP
8.
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,QYHVWLJDWLQJ WKH HIIHFW RI DQWHQQD EHDPZLGWK RQ PLOOLPHWHUZDYH
FKDQQHOFKDUDFWHULVDWLRQ$35$6&6HRXO.RUHD
